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SINGLE EQUIVALENT FOIWANT EXTRACTOR SYSTEM 
by Louis R .  Focht 
Philco-Ford Corporation 
Blue Bell, Pennsylvania 
SUMMARY 
The Single Equivalent Formant (SEF) i s  a transformation by which the  
information bearing parameters of speech are represented w i t h  only three  
parameters, t he  SEF, t he  amplitude and t h e  state-of-voicing. The equipment 
b u i l t  t o  ex t rac t  these three  parameters i s  an approximation of t he  theore- 
t i c a l  transformation and as a r e su l t  possesses ce r t a in  performance l imi ta t ions .  
However the  equipment's simple implementation and small number of parameters 
considerably reduces the  s i z e  of t he  t o t a l  recognition logic .  
The u t i l i z a t i o n  of the SEF parameters f o r  recognition purposes requires  
an a p r i o r i  knowledge of t h e  perceptually s ign i f i can t  features found i n  the 
SEI? pa rme te r s .  A t o t a l  of f i ve  such fea tures  have been found t o  date and 
techniques f o r  t he i r  u t i l i z a t i o n  are suggesked. 
'The comparison of the usef'ulness of t he  SEF p a r m e t e r s  w i t h  other  analyzer 
techniques i s  considered. 
i d e a l l y  be ca r r i ed  out as a comparison of the ultimate po ten t i a l  of each 
analyzer system. 
requi res  the solut ion t o  the  general recognition problem f o r  each analyzer 
system. 
provide a reasonable and fa i r  performance camparison of d i f f e ren t  analyzer 
systems for  spec i f ic  recognition tasks .  Specific areas of t h e  recognition 
t a s k  are a l s o  pointed out i n  which superior performance might be expected by 
t h e  use of SEF techniques as well as those aseas i n  which d i f f i c u l t y  might 
be encountered. 
It i s  pointed out that  any such evaluation should 
However, i n  pract ice  t h i s  i s  mry dlif'ficult i n  as much as it 
As an a l t e rna te ,  a simpler technique i s  suggested t h a t  i s  f e l t  will 
INTRODUCTION 
The concept of t he  Single Equivalent Formant i s  based upon the theory 
These s t r ings  of 
that phoneme perception i s  a Gestalt  response t o  a time series of "elemental  
speech sounds" and t h e i r  relative changes i n  amplitude. 
elemental speech sounds have perceptual values f o r  which t h e  whole i s  not equal 
t o  the sum of the p a r t s ,  
as a sequence of individual  elementmy sounds but rather each s t r i n g  produces 
Strings of elemental speech sounds are not perceived 
- . .  
n . ' 
i t s  own unique response i n  t he  human dependent upon t h e  sequence, dura t ion ,  and 
rei-ative amplitude of each elemental sound within the s t r i n g .  
The term elemental speech sound, as used here,  refers t o  those few phonemic 
values t ha t  may be absolutely c l a s s i f i e d  by t h e  human i n  t h e  absence of  a l l  
cmitcxtual and speaker i d e n t i t y  cues. 
thought of as t h e  sounds perceived by l i s t e n i n g  t o  a word through a t i m e  w;ndow 
riarrow enough t o  eliminate a l l  contextual cues and l i s t e n e d  t o  with enough t i m e  
between samples t o  eliminate speaker i d e n t i t y .  Figure 1 shows the resu l t r .  of 
such ana lys i s  on t h e  vowcl combination i-a. It will be noted that  while 071ly 
two vowel sounds a re  perceived i n  t h e  continuum a t o t a l  of five vowel sounds a r e  
perceived i n  the context f r e e  s t a t e .  Thus, elemental speech soundsonly assume 
a perceptual significance i n  t h i s  context free state. I ts  perceptual r c k t i o n  
t o  the e n t i r e  phoneme, sy l l ab le ,  word or sentence w i t h i n  which it i s  found may 
only be defined by i t s  environment. 
t i o n .  
The elementary speech sound may thus  be 
Herein l i e s  t h e  problem of speech recogni- 
'I'lie instantaneous value of the Single Equivalent Formant parameters 
provides the  information necessary t o  recognize the context free elemental 
sounds of  speech while t h e  task of recognizing the perceptual value of the 
s t r i n g s  of these elemental speech sound i s  accomplished by a knowledge of  t h c  
perceptual modifications imposed by context. 
'Ct i s  the purpocc of  ttlis repor t  t o  i d e n t i f y  t h e  known fac to r s  (both 
contextual and cnntcxL rrec) which contribute t o  t h e  c rea t ion  of a perceptua l ly  
sigiii-ficant cvcnt. 11. i s  only with such information t h a t  one may e f f e c t j v e l y  
~ i l . i . l i ze  tlie SET par:unetcrs. 
PERCEmN;LY SIGNIFICANT FEATURES OF TITE SEF PARAMETERS 
Absolute Values of the SEF Parameter 
Listening tests have shown that when t h e  human i s  deprived of t i m e  varying 
elements, contexual cues, and speaker i d e n t i t y ,  he i s  only capable of accurately 
recognizing s i x  vowel, t h ree  f r i c a t i v e ,  and three voiced f r i c a t i v e  sounds o r  a 
t o t a l  of twelve ( 1  elemental speech soundsii ( R e f .  1). I n  p a r t i c u l a r ,  tkese t e s t s  
dealt wi th  the accuracy of t h e  humanfs phoneme recognition a b i l i t y  when he i s  
forced t o  base h i s  decision so le ly  upon the  steady s t a t e  s p e c t r a l  d i s t r i b u t i o n  
of t h e  phoneme and i n  t h e  absence of a l l  of the above mentioned contextual clues.  
An examination of t h e  r e s u l t s  from these  tests shows t h a t  t h e  recognition e r r o r s  
are not j u s t  random but; rather groups of phonemes tend  t o  be conf'used. 
these  groups of phonemes are ca l l ed  elemental speech sounds because phonemes 
w i t h i n  SUCH groups a re  not resolvable by the human under the  context free 
conditions of t h e  experiment. A s  stated, the t o t a l  number of elemental speech 
sounds was  found t o  be twelve ( i n  normal speech, some 20 phonemes would be 
perceived i n  these twelve phonetic ca tegor ies ) .  
thus defined as the smallest r e l i a b l y  recognized speech element i n  the  absence 
of' a l l  time varying, contextual,  and speaker i d e n t i t y  cues. 
Each of 
A n  elemental speech sound i s  
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With t h i s  information i n  mind, it i s  only natural t o  assume t h a t  under 
s i m i l a r  context f r c e  conditions t h e  SEI? p r a m e t e r  should a l so  be l imi ted  t o  s i x  
voiced, th ree  unvoiced and three voiced i ' r icat ive values.  This i s  obvious when 
one considers tile context fYec nature of t h e  SZF concept presented i n  t h e  
introduct ion ( t h e  theoret ical-  :XI' paramc:l;er is defined as the  context f r e e  
phonetic value of speerli sounds). 
'The SEF prtramctcr ( :xtractms devehped thr ti;e c:on.tract d i sp lay  the  
expected degrec 01' pliotictic coni'usi.ons - For exam@ e .  when the  absolute l e v e l  
of the  SEF puatneter for WJ,J-~LOUS V ~ J ~  c(?d pLc)nm!c;:; i s  tabu.La.ted f o r  F, group of 
speakers, it i s  fouiirt t h a t  0 1 1  L y  s i x  quan'turn 1 w e . l ~  for voiced sounds may be 
readiably estnbl isfvd.  "his 
means t h a t  when exp(,i5mcnts tical. w i t h  milltipie speaker input d a t a  (and no means 
i s  provided i n  t hc  rcco;;riTi;or t o  idimtif'y eaci: speaker 3:d then optimize the  
SEF quantum levels  t o  the  speaker) the re  i.s 110 point  In  qu-mtizing t h e  SEF 
parameter w i t h  a rct:r\)i.ut.ion grea te r  l;hun six l eve l s  f o r  voiced so\mds. This 
also appl ies  t o  unvoiced and voiced-f'ricahive sound:: w i t h  the  exceptior: t h a t  
they must be l imitcd t o  thrcc quantum l e v e l s  each i . e . ,  fo r  t h e  f r i c a t i v e s  
f-8-h, s ,  5 ,  and Sot- thc? voic>ed fricative::  v-a, z, 3. 
Tlicsc a re  i n  general  i-I, E-=,  r ,  ne., nUu1, q n .  
If of course, cpeakcr adaption is provided i'or by the  recognition l oq ic  
then addi t ional  quanti zn t lon  1 eve1 s wi I 1 jbrovide add ' t iona l  perceptual1.y 
s ign i  f i  cant information. 
Phonetic 15rivirc~riment Motlificztions of the SEF Parameters 
If the  precedicg conclusions a re  va l id ,  it would seem log ica l  t ha t  t'?e 
contextual information i s  t h e  mecnanisrr, wh ich  enables t h e  human t o  r e f i n e  h i s  
decision f'rom one of the phoneme categories j u s t  described t o  one of the  
t h i r t y  or more ac tua l  phonemes defined by l i ngu i s t i c s .  Each of t h e  cmtex tua l  
c lues  appems t o  be important for  t h ~  rccofrnition o f  n d i f f e ren t  type o r  com- 
b ina t ion  of phonemes. 'The stop consonants, f o r  example, a re  iden t i f i ed  pr in-  
c i p a l l y  by t h e i r  cormective -roc:il t r ans i en t .  On the other  hand, diphthongs 
and vowels appew t o  be resolved by contrast ing them w i t h  adjacent phonemes. 
I n  f a c t ,  s ign i f icant  s h i f t s  have been observed i n  t he  perceived value of t he  
accoust ical ly  iden t i ca l  stimulus sinip1:r as a r e s u l t  of adjacent phonetic 
information. The r e s u l t s  of an adjacent vowel in t e rac t ion  study a re  shown 
i n  Figure 2. This study invest igated the  s h i f t s  i n  perception occurring i n  
Single  Equivalent Formant Speech f a r  adjacent vowels I At and Bt . Single 
formant speech was used f o r  t he  experiment t o  avoid the  problems of shif t ing 
dominance assignment t h a t  might occur i n  multiformant speech. 
The ( 1  Isophonetic Chart't i l l u s t r a t e d  i n  Figure 2 ,  i s  a p lo t  of t he  
formant frequency of the  f irst  sound heard, f I  A" , versus the  formant . 
frequency of the second sound heard, ' ~ B l f  . The v e r t i c a l  l i n e s  represent  
the  boundaries of  the  perceived l t B 1 l  sounds. It can be r ead i ly  observed 
from t h e  chart t h a t  the changes i n  perception grow more pronounced when the  
spec t r a l  content of neighboring s t imuli  resembles the  sound under study. 
The chart  shows t h a t  the  in t e rp re t a t ion  t h a t  a l i s t e n e r  places  on the  second 
sound i s  strongly influenced by the  preceding sound. 
analogous t o  the s h i f t  i n  color perception experienced by an observer who 
has Seen looking previously at a d i f f e ren t  color  (sequent ia l  con t r a s t ) .  
The phonemena i s  
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This phonemenon may explain many of t h e  ambiguities reported by designers  
I n  order t o  ve r i fy  these  perception s h i f t s ,  of automatic recognition devices. 
i'urthtir experiments were performed using two phoneme combinations u t t e r ed  by 
human speakers (I-& and -I). Sound spec t rogrms were made from these  
ut terances arid the  loca t ions  of the f irst  and second formants were ext rac ted  
and p lo t t ed  against  the perceived sound. 
I t  can be seen t h a t  t he  confusion between 1: and & e x i s t s  i n  the  mea of F l , -  
450 cps and F2 = 1600 cps. T h i s  confusion i s  predicted f r o m t h e  da ta  cf FiF;ure 2. 
This  can be seen by noting that f o r  t he  sound =-I, t h e  I region covers t he  
same range t h a t  both 1 and 
This information i s  shown i n  Figure 3. 
cover f o r  the  zound I-[. 
This sequent ia l  cont ras t  information most ce r t a in ly  plays a r o l  i n  - h e  
humans a b i l i t y  t o  resolve phonemes i n  the presence of context (both phonetic 
and speaker).  
Energy Environment Modifications of the  SEF Parameters 
Another perceptual modification of t he  SEF parameter t h a t  has been observed 
involves rapid changes i n  t h e  amplitude parameter and t h e i r  e f f e c t  upon the  
a b i l i t y  t o  perceive simultaneous changes i n  the SEF parameter. This e f f e c t  
occurs only when the  amplitude f a l l s  rapidly.  Under such conditions the  vttiue 
of the  SIT parameter i s  masked fo r  a duration of t i m e  t h a t  i s  d i r e c t l y  propor- 
t i o n a l  t o  the magnitude of the decrease i n  amplitude. 
decrc>asc i n  amplitude the  longer the  durat ion of t h e  succeeding SEF palues 
must be t o  insure perception. 
Thus, t he  l a rge r  t he  
Such e f f e c t s  are most pronounced a t  the end of a word. When the amplitkde 
drops qui te  rapidly a t  the  end of a word, the SEF parameter usua l ly  changes 
value o r  tends t o  move i n  a rondom fashion. These changes i n  the  SEF paranetcr  
a r e  not usually perceived because t h e  chamge-duration requirements j u s t  described 
are  not s a t i s f i e d .  
An exact quantative measure of t h i s  e f f e c t  has not been establ ished,  
however an approximate r u l e  that has been used with success states t h a t  f o r  
every 6 db of amplitude drop t h e  following i n t e r v a l  must display a sustained 
SEF l e v e l  at  the  new and lower amplitude f o r  at l e a s t  20 m s  t o  be perceived. 
Thus, 18 db of amplitude drop requires  approximately a 60 ms  SEF i n t e r v a l  at 
the  new amplitude l e v e l  t o  be perceived. 
Single Parameter Time Modifications of t he  SEF Parameters 
A t o t a l  of f i v e  perceptually s ign i f i can t  events have been observed t h a t  
The SEF and amplitude 
a r e  the  r e su l t  of independent changes i n  one of the  three  SEF parameters. 
of  these  events produce a d i f f e ren t  perceptual value. 
parameters each account fo r  two of these events while the  voicing parameter 
i s  responsible f o r  the  f i f t h .  
Each 
The two SEF parameter events d i f f e r  pr imari ly  i n  the  time i n t e r v a l  over 
which they occur. S imi l a r i t i e s  do, however, occur i n  the i r  perceptual  
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cha rac t e r i s t i c s  i n  as much 
t o  the i so la ted  events. 
The occurrence of t he  
as phonemic values 
f irst  of these two 
- . .  
4 .  ' 
are not assigned by t h e  h w n  
events results i n  t h e  perception 
of a noise component within an elemental speech sound and as such should be 
processed i n  such a manner t o  eliminate i t s  e f fec ts .  This type of event i s  
t h e  r e s u l t  of both the  human speech process and e r ro r s  i n  the SEF' parame-ber 
ex t rac tors .  The technique that  has been developed t o  eliminate i t s  e f f e c t s  
i n  subsequent recognition log ic  i s  termed quantization before in tegra t ion .  
This  means tha t  t h e  presence of absolute values of t h e  SEF parameter are detec- 
ted  or quantized before any smoothing i s  applied t o  the SEF parameter wava- 
form. The output of the  SEF level-quant izers  a r e  smoothed i n  a manner t o  
e l iminate  the  e f f e c t s  of the noise l i k e  feature.  The task of smoothing i s  
designed w i t h  two considerations i n  mind. The f irst  assumes that a noise 
pulse  causes the SEF pasameter t o  momentarily jump t o  a d i f f e r e n t  SEF value 
and then return.  This produces what might be described as a hole  i n  t h e  
ouput waveform of the  SEF level-quantizer i n  question. The smoothing c i r c u i t s  
f i l l  i n  t h i s  hole provided it does not exceed approximately 15 m s  i n  duration. 
Thus, t he  e f f ec t s  of noise may  be eliminated from the output of the quantizer.  
The second way of considering the  e f f e c t s  of a noise pulse  i s  t o  assume 
I n  t h i s  case the function of the smoothing c i r c u i t s  
t h a t  t he  SEF value jumps momentarily i n t o  the range of t he  quantizer i n  question 
during the noise pulse.  
i s  t o  r e j e c t  a l l  pulses t h a t  a re  shorter  than 15 m s  i n  duration. 
The second type of SEF parameter event i s  the  r e s u l t  of connective 
t r ans i en t s  produced by joining two phonemes. 
d i f fe ren t ia ted  frm noise events by t h e i r  longer duration and the  f a c t  t h a t  
they always occur during a voiced in t e rva l .  
p a r t i c u l a r  SEF quantum range for  more than 15 m s  but less than 50 t o  80 m s  
axe potentially a connective t r ans i en t  o r  a port ion of a connective t r ans i en t .  
(Events remaining longer than 70 m s  within a pa r t i cu la r  SEF quantum l eve l ,  
whether voiced o r  unvoiced, ind ica tes  the presence of an elemental speech 
sound) Unfortunately more specif ic  r u l e s  for  determining the  occurrence of 
a connective t rans ien t  can not be given at  th i s  t i m e  because of a lack  of 
information concerning t h e i r  detect ion and perception i n  terms of the  SEF 
parameters. 
These t r ans i en t  events a re  
Events which remain within a 
Two amplitude parameter events are associated with the a r t i c u l a t i o n  
of phonemes t h a t  change the  r a t e  of air  flow i n  the vocal t r a c t .  
o f  f l o w  can e i ther  be complete, such as produced by the a r t i c u l a t i o n  of a s top 
consonant, or p a r t i a l  as  would be produced by a nasal.  
This change 
The f i rs t  of these amplitude features i s  termed an onset.  It i s  defined 
as the fa l l  i n  t h e  amplitude parameter accompanying the  a r t i cu la t ion  of a s top 
consonant or  n a s a l .  I n  general ,  it has been found that t h i s  fea ture  may be 
detected by noting the  presence of a negative slope i n  t h e  amplitude waveform. 
exceeding an empirically determined value. 
fea ture  i s  not e f fec ted  by the phonetic environment , however c r i t e r i a  d i f f e r -  
ences do ex i s t  between an onset produced by a s top and an onset produced by 
a nasal.  
The detect ion c r i t e r i a  f o r  t he  
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The second amplitude fea ture  i s  ca l l ed  a re lease .  This feature i s  defined 
as a r ap id  r i s e  i n  the  ampiitude ptwameter attending the  az t i cu le t ion  of a 
s top  consonant o r  nasal .  The basic  de tec t ion  c r i t e r i a  of t h e  release feature 
i s  dependent upon both t h e  pos i t ion  of t he  s top  within a word and i t s  phonetic 
environment. 
minimum of which a re  r e l eases  occurring at an i n i t i a l  pos i t i on  within a word, 
a mid pos i t ion  within a word, and a midposition within a word following a 
nasa l  ( the  l a t t e r  case is of course f o r  t h e  occurrence of a s top  consonant). 
There can be no f i n a l  pos i t ion  re lease  by i t s  def in i t ion .  The de tec t ion  log ic  
for  t h e  s top  fea ture  cons is t s  of a threshold de tec tor  operating upon the  
p o s i t i v e  port ion of the  d i f f e ren t i a t ed  amplitude parameter. Different  t h re s -  
hold de tec tor  s e t t i ngs  are used f o r  each of t h e  three pos i t i ona l  and environ- 
ment categories .  
This necess i t a t e s  dividing re leases  i n t o  severa l  groups, t h e  
A de ta i l ed  descr ip t ion  of  the  c i r c u i t s  ac tua l ly  used t o  implement onset 
and re lease  de tec tors  may be found i n  t h e  f f  Voice Sound Recognitionff RADC 
Tvchnical Document Report (Ref. 2 ) .  
The f i f t h  and las t  perceptual ly  s ign i f icant  event i s  produced by the 
voicing parameter changing ' s t a t e .  While t h i s  i s  an obvious feature it i s  
a l s o  very important. To emphasize t h i s  po in t ,  it i s  pointed out t h a t  the  
SlW paamete r  values f o r  an J and i me i d e n t i c a l  and only the s t a t e -o f -  
voicing provi-des R d-i s t i n c t i o n  between these  two very d i f f e r e n t  phonemes. 
Multiple Parameter 'l'i.me Modifications of the  SEF Parameters 
The last  type of perceptually s ign i f i can t  fea ture  i n  t h e  SEF parameter 
i s  the simultaneous o r  sequent ia l  occurrence of changes i n  more than one 
parameter a t  a t i m c .  These features describe the occurrence of 9, class of 
I r a n s  ieri t pmmemes, i. e . ,  the  voiced s tops and unvoiced stops.  These phonemes 
vannot be  dcri'incd as j u s t  a sequence of elemental speech sounds but require  
addi t ional  information concerning changes i n  amplitude and voicing. 
The voiced and unvoiced stops are defined by the t i m e  sequences of onsets,  
r e l eases  and the  state-of-voicing. The bas ic  feature sequence dis t inguishing 
the voiced s top from the  unvoiced s top i s  simply the  condition of  voicing 
during the re lease  or onset detection. This very simple sccoust ic  de f in i t i on  
of  voiced and unvoiced stops does not s a t i s 3  t h e  perceptual d i s t i n c t i o n  i n  
a l l  cases. 
mqy proceed the  a r t i c u l a t i o n  of voiced s top consonants. 
voiced s top may be recognized by the f a c t  t h a t  the  a sp i r a t ion  may be no longer 
than 50 m s  f o r  a m i d  pos i t ion  voiced s top and no longer than 30 m s  f o r  an 
i n i t i a l  pos i t ion  voiced stop. Longer values of asp i ra t ion  (o r  unvoicing) 
ind ica t e  the occurrence of an unvoiced stop. 
The exception being the  case of a short  durat ion asp i ra t ion  that 
This spec ia l  condition 
While the  s tops represent  the most important c l a s s  of multiple parameter 
events ,  several  other  c lasses  have been observed but not as ye t  studied 
su f f i c i en t  t o  provide guidel ines  f o r  t h e i r  u t i l i z a t i o n .  These are the  nasals 
and the i n i t i a l  f 7 I 1 .  Both types a t  phonemes display simultaneous changes 
i n  GEF and amplitude parameters that appear t o  be a perceptually s ign i f icant  
event r e l a t ed  t o  t h e  a r t i c u l a t i o n  of these phonemes. 
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RECOMMENDATION FOR EVALUATING SPEECH ANALYZER SYSTp4s 
It  would be most des i rab le  t o  ca r ry  out a comprrative o v a l u t i o n  of  
speech analyzer techniques i n  such a manner as t o  show which system prcjviles 
t h e  bes t  general  so lu t ion  t o  t h e  problem of speech recogni t ion.  
however i s  most d i f f i c u l t  t o  achieve for  many reasons. 
t h a t  any analyzer system t o  be t e s t e d  i n  the  near future w l l l  not be pc.rYect. 
Rather they w i l l  be characterized by varying s t rengths  and weaknesses i n  t h e i r  
a b i l i t y  t o  ex t r ac t  t h e  various information bear ing elements of speech. The 
r e l a t i v e  performance of each analyzer system will, of course, be d i f f e r e n t  f o r  
each information bearing element necess i ta t ing  a decis ion as t o  the  r e l a t i v e  
importance t o  the  ove ra l l  recognizer of  t hese  various s t rength  and weaknesses. 
To fhrther complicate the  problem, each analyzer system r e s u l t s  i n  raw 
parameters t h a t  (we conceptually d i f f e ren t .  Performance evaluation must t t ,us  
be deferred t o  a later point  i n  the  l o g i c a l  process where i d e n t i t i e s  i n  the  
information bearing elements begin t o  occur i . e . ,  phonemes. 
t he  per fec t ion  of these  intermediate recogni t ion l o g i c a l  processes must i e  
high o r  at l e a s t  equal t o  insure a fa i r  comparison. Thus, it i s  f e l t  that  
a comparison of the ul t imate  performance capab i l i t y  i s  very des i rab le  bui 
a l so  very d i f f i c u l t .  In  f a c t  t o  car ry  out such a comparison, a complete 
general  solut ion of the speech recognition problem would have t o  be made f o r  
each type of  analyzer t o  be evaluated. 
This goal 
It must be assumed 
This means t h a t  
I n  consideration of these problems, it i s  f e l t  that  a far more reasonable 
approach would be the  comparison of  analyzer systems i n  t he  environment of 
l imi ted  o r  r e s t r i c t e d  recognition tasks .  Furthermore, t o  simplify the problem 
of c rea t ing  an equal information bearing base, upon which t o  judge r e l a t i v e  
performance, it i s  suggested tha t  phonemic categories  be u t i l i z e d .  These two 
suggestions grea t ly  simplify t h e  t a sk  of  comparative evaluation. 
The r e s t r i c t i o n  of the recognition t a s k  should f o r  example, i n i t i a l l y ,  
l i m i t  the vocabulary s i ze ,  use discreBe speech, and u t i l i z e  a s ingle  speaker. 
This s u f f i c i e n t l y  reduces the  number of var iab les  created by the  d i f f e ren t  
analyzer systems t o  permit evaluation. Later comparisons may increase the 
number of  speakers o r  words, e t c . ,  one at a time t o  evaluate individual  aspects  
of  each analyzer system. 
The use of phonemic categories  (groups of acous t ica l ly  similiar phonemes), 
as a common base fo r  evaluation, s ign i f i can t ly  reduces the problems associated 
with differences i n  the  power o r  perfect ion of t h e  required higher l e v e l  logic .  
Furthermore, phonemic categories  provide a b e t t e r  match, i n  terms of log ic  
sophis t ica t ion  and complexity, t o  the  suggested l imi ted  recognition tasks .  
Imperfection i n  t he  phonemic category log ic  that  may e x i s t  i n  the log ics  
developed f o r  the various analyzers being evaluated should be minimized o r  
a t  l e a s t  made less c r i t i c a l .  It i s  a l so  pointed out t h a t  any recognition 
log ic  must ul t imately be evaluated i n  terms of i t s  cos t  effect iveness  for  a 
p a r t i c u l a r  task.  The use of the  above recommended procedure w i l l  provide a 
common ground upon which such evaluations may be made. 
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I n  evaluating t h e  C U  parameters as a system of ana lye is ,  it i s  important 
t o  be aware of t h e  s t rength  and weakness of t h e  SEF technique i n  r e l a t i o n  t o  
o ther  analyzer systems. 
t o  be compared. 
t h e i r  inherent lack of parameter r a t e  of change l imi t ing  (o the r  than t h e  speech 
production process i t s e l f ) .  
i n  one p i t c h  i n t e r v a l  fYom a maximum t o  a minimum value and be exac t ly  repre-  
sented i n  the output o f t h e  SEF parameter. 
so designed i n  such a manner as t o  allow a r i s e  time equal t o  t h e  f a s t e s t  
frequency component found i n  speech. The a b i l i t y  t o  reso lve  such changes i s  
p a r t i c u l a r l y  obvious when considering the  recognition of s top  consonants 
and o the r  t r a n s i e n t  reinforced phonemes. 
Analogue Ear and F i l t e r  Bank analyzer approach do not have such advantages. 
This i s  because of t h e  d i s c r e t e  bandwidth associated with t h e  analyzer f i l t e r s  
and the methods used f o r  detecting and low pass f i l t e r i n g  of  t h e  output 
parameters. However as w a s  pointed out i n  t h e  previous sec t ion  of t h i s  r epor t ,  
t h i s  wide bandwidth of t hc  SEF parameters must be used with some cautions. 
This  i s  of course j u s t  as t r u e  f o r  o ther  systems 
The most s ign i f i can t  s t rength  of  t h e  SEF parameters are 
The value of t he  SEF, f o r  example, rnw change 
The amplitude parameter i s  a l s o  
It i s  pointed oc t  t h a t  both the  
It i s  a c h a r a c t e r i s t i c  of the  SEF concept tha t  many speech sounds a re  
not sus ta inable  when i so l a t ed .  For example t h e  nasa l  has been found t o  be 
indis t inguishable  f’rom the u when sustained and i s o l a t e d  from connective cues. 
T h e  same i s  t r u e  f o r  c e r t a i n  vowel sounds when speaker i d e n t i t y  i s  not preserved. 
Thus, t he  SEF parameters must be evaluated on speech sounds i n  context. 
A f i n a l  poinl, should be made regarding t h e  operation of the voicing 
ex t r ac to r  b u i l t  f o r  t h e  contract .  This  ex t r ac to r  i s  not as accurate i n  i t s  
dec is ion  (both timing and value) as i s  des i rab le .  
normally used with the  X P ’  parameter u t i l i z e s  a separate t h r o a t  microphone 
and achieves very accurate r e su l t s .  However, because of l imi t a t ions  imposed 
5y the des i r e  t o  provide a t a p  recorder i r ? p t  t o  t he  SIP  ex t r ac to r  the  th roa t  
microphone type o f  voicing decision was n o t p r a c t i c a l .  An a l t e r n a t e  voicing 
de tec to r  t h a t  i s  campatable with the  input requirements was  supplied but 
unfortunately as stated t h i s  detector does possess some performance l imi t a t ions  
that w i l l  e f f e c t  t h e  evaluation of  t he  SEF parameters. 
The voicing ex t r ac to r  
CONCLUSIONS 
The successfhl u t i l i z a t i o n  of the SEF parameters i s  dependent upon t h e  
degree of u t i l i z a t i o n  of t he  perceptually s ign i f i can t  f ea tu re s  i n  t h e  parameters. 
The ex t r ac t ion  of  these  f a c t o r s  should therefore  be of prim concern i n  t h e  
evaluation study. 
The comparison of r e s u l t s  from system t o  system should be made on some 
common ground such as the  phoneme o r  phonemic category, 
would appear t o  be perferred because it tends t o  minimize d i f fe rences  that 
might occur i n  t h e  degree of logic perfection. 
Phonemic categories 
I n  comparing t h e  SEI’ parameters it should be noted t h a t  t he  SEF parameters 
are most u a e f i l  when contexual information i s  u t i l i z e d .  Wthe rmore ,  carefu l  
a t t e n t i o n  should be paid t o  t h e  full u t i l i z a t i o n  of t h e  fast response nature 
of the SEF parameter ex t rac tors .  
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After  a d i l i g e n t  revier: o f  the work performed under t h i s  cont rac t ,  
no new innovations, discovery, improvement or invention was  made. 
